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T he soil concentration of individual plant nutrients 
varies from field to field and within fields. The minimum 
concentration of each nutrient needed for optimum plant 
growth varies by both crop and yield goal. Farmers rou- 
tinely collect field soil samples and have them analyzed 
for nutrient concentration. By comparing these results to 
known nutrient requirements, they can determine the most 
efficient crop nutrient management program. A soil sample 
from a field is usually a composite of 10 to 30 subsamples 
and is assumed to be a good representation of a field's 
fertility status. 
In 199 1, more than 27,000 Ohio fields were sampled for 
analysis by the Research-Extension Analytical Labora- 
tory of the Ohio Agricultural Research and Development 
Centerto determine the adequacy of soil nutrients for corn 
and soybean production in 1992. For this sample base, 23 
percent of the fields intended for corn were deficient in 
phosphorus, and 66 percent were deficient in potash. 
Thirteen percent of the soybean fields were deficient in 
phosphorus, while 80 percent were deficient in potash. Of 
those fields with "greater than minimum" levels of both 
phosphorus and potassium for corn and soybean produc- 
tion, about 25 percent had excessive levels of phosphorus, 
and 4 percent had excessive levels of potassium. On 
average, soil test levels of phosphorus were satisfactory, 
but potassium levels were low. Unfortunately, about half 
of the tested fields had either excessive or deficient levels 
of phosphorus, and 75 percent had incorrect levels of 
potassium. Correcting nutrient levels in these fields could 
increase the efficiency of corn and soybean production 
either by reducing purchases of unnecessary fertilizers 
or by increasing the fertility levels where deficient, 
thus increasing yield and reducing the per-unit cost of 
production. 
In recent years, some producers have attempted to 
increase nutrient use efficiency by sampling fields accord- 
ing to soil type rather than taking a "whole-field" compos- 
ite sample. This permits the various soils in a field to be 
amended as needed rather than being treated identically. 
Researchers at The Ohio State University and some farm- 
ers are now using a more elaborate technique that involves 
sampling fields at uniform spacings in a grid pattern. Each 
sample is analyzed and the data used to create a map 
showing the distribution of each fertilizer nutrient by 
concentration throughout the field. These nutrient concen- 
tration maps can be computerized and used to control a 
fertilizer spreader as it traverses a field, controlling the 
amount of each nutrient applied in each area of a field. 
A less sophisticated use of these maps involves using the 
information as a guide to general areas of a field where 
different application rates of various nutrients are needed. 
This sampling and nutrient-application procedure, some- 
times called prescription farming or grid nutrient man- 
agement, could be a highly efficient method of locating 
nutrient shortages, or "hot spots," and establishing a more 
uniform and appropriate level of soil nutrients throughout 
a field. The efficiency comes from withholding nutrient 
applications where levels are already sufficient, while 
correcting deficient areas. Nutrient applications in areas 
where concentrations are already too high may reduce 
uptake of micronutrients and reduce yield. Locating areas 
of excessive phosphate and potash enables producers to 
eliminate over-fertilization, which is environmentally pru- 
dent and cost-effective. 
The grid spacing distance for this sampling technique 
can vary from as little as 30 feet to several hundred feet, 
depending on nutrient concentration variability, topogra- 
phy and the precision desired. For ease of use and interpre- 
tation, the grid spacing should be some multiple of the 
spreading width of the fertilizer applicator (30 to 60 feet). 
Table 1. The Effect of Soil Sampling Grid 
Size on the Number of Samples per 
10-Acre Unit and Cost of Soil Analysis 
Grid Spacing Samples Analysis Cost 
(feet) per 10 Acres per 10 Acres ($)* 
Square 
60 
120 
180 
240 
300 
360 
420 
480 
Rectangular 
60 x 120 
60 x 180 
60 x 240 
60 x 300 
60 x 360 
60 x 420 
60 x 480 
* Assumes $5 per sample. 
3 
In fields where fertilizer spreaders have followed the same 
general spreading pattern for several years, a rectangular 
rather than square grid sampling pattern may be suitable. 
The shape of this rectangle may be 2 to 4 times longer than 
wide. This strategy could greatly reduce sampling and 
analysis costs. As shown in Table 1 (previous page), the 
smaller the sampling grid or rectangle, the greater the 
number of samples and expense for soil analysis. 
While the average level of soil fertility for an entire field 
may be known, the nutrient level variation is usually 
unknown. Wide grid spacings reduce the number of samples 
and analysis cost, but may not provide adequate definition 
of the nutrient's concentration variation pattern to serve as 
an effective guide for nutrient correction. This defeats the 
purpose of grid sampling. On the other hand, intensive 
sampling and analysis are very expensive. Growers must 
select the optimum combination of sampling frequency 
and cost. Enough samples must be taken to get a clear 
picture of the nutrient variation without creating excessive 
costs that cannot be recaptured through more efficient 
nutrient application. How can this be done? 
Although the nutrient variability of a field is not known, 
there is an alternative to guessing at an appropriate grid 
spacing. One option is to collect a series of soil sample. 
spaced 30 to 60 feet apart in a straight line 400 feet to 500 
feet long perpendicular to the fertilizer spreader's usual 
travel direction. Analyzing these samples and studying the 
results will give an indication of the field's nutrient vari- 
ability and indicate an appropriate sample spacing without 
creating a great expense. 
Likewise, a similar series of samples collected in a 
direction parallel to the travel of the fertilizer spreader may 
indicate that a rectangular sampling pattern is satisfactory. 
A composite soil sample for each collection point, or grid 
intersect, should consist of five sub-samples - one at the 
intersect and two samples taken on the line to each side at 
distances of 5 and 10 feet. 
Figure 1 A shows data for a field sampled every 60 feet 
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Fig. 2. Distribution of Soil P in the 144-Acre Field Fig. 3. Distribution of Soil K in the 144-Acre Field 
in a straight line for 540 feet. In Figure 1 A, every sample 
value (pounds of phosphorus per acre) was plotted, while 
in Figures lB, 1C and ID, every 2nd, 3rd or 4th sample 
value, respectively, was plotted. Depending on the dis- 
tance between samples or the number of samples, the 
phosphorus concentration means vary from 23 to 33 
pounds of phosphorus per acre. The cost of enough phos- 
phate tochange the soil test level from 23 to 33 is about $22 
per acre. If only one sample from this field had been 
collected, the soil test value could have-been as low as 10 
or as high as 63, assuming those were the lowest and 
highest values present. This variation provides the ratio- 
nale for collecting and compositing many subsamples 
from a field where one analysis will be used to represent 
an entire field. 
Once the ideal grid spacing is determined and soil 
samples are collected and analyzed, the data for each plant 
nutrient can be plotted to produce a three-dimensional 
graph. As an example, a 144-acre field was grid-sampled 
every 100 feet and the samples were analyzed for pH, 
phosphorus, potassium andCEC. Figures 2 and 3 show the 
distribution of soil phosphorus and potassium levels in 
three-dimensional graphs, which indicate a wide variation 
over the field. 
The variation from sample to sample can be made to 
appear great or small, depending on scaling factors used 
for plotting the vertical (concentration) scale. To illustrate 
that possibility, Figure 4 was made using the same data 
presented in Figure 3. Because one can easily misinterpret 
data presented in a 3-D format, management decisions 
should be based on 1) the actual data and 2) the realistic 
precision that can be expected from the application equip- 
ment. Computer plotting software makes it possible to 
"slice through" such charts to get an idea of the location 
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